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Co3O4@rGO 纳米复合材料，同时在 MOFs 衍生的结构上，探究其所形成的具有
异质结结构的 Co3O4/ZnFe2O4/C 纳米复合材料形貌。主要完成了如下工作： 
1、溶剂热法制备 Co3O4 和 Co3O4@rGO 纳米复合材料及电化学性能测试。 
采用溶剂热法制备了原子薄度的 Co3O4 纳米片，并且以十六烷基三甲基溴化
铵（CTAB）为表面活性剂，常温搅拌、高温煅烧后实现了氧化石墨烯（GO）对
Co3O4 纳米片的包覆和还原，GO 成为还原石墨烯（rGO）。 
进过一系列形貌、结构表征之后，确定 Co3O4层状结构在电化学性能测试中
各项性能表现良好；石墨烯包覆后，Co3O4@rGO 的循环稳定性在 Co3O4 基础上
得到提升。在锂电池应用中，Co3O4@rGO 在 200 mA g
-1 下展现出了 1462.0 mAh 
g
-1 的初始放电容量，在经历过 130 个循环之后，它仍然保持高容量保持率 78.6％，
即 879.6 mAh g-1。在超级电容器的应用中，从 0.5 A g-1 至 3 A g-1，Co3O4 的比电
容量从 250.2 F 上升到 320.6 F，Co3O4@rGO 在不同电流下有更好的比电容量，
从 330 F 上升到 335 F。Co3O4@rGO 纳米片的比电容可以保持 102％的初始值，
在经过 3000 次循环后，依旧保持 89%的容量。 
2、溶剂热法制备 MOFs 衍生形成的 Co3O4/ZnFe2O4/C 中空核壳异质结纳米
复合材料以及电化学性能测试。 
由于异质结构本身所产生的协同效应可大幅提高电化学性能，因此为了进一
步提高二维 Co3O4 纳米片本身的性能，我们通过溶剂热法制备由 MOFs 衍生所形
成的异质结 ZnFe2O4/C，进一步将上述所制备的与其复合，通过调控反应物摩尔
比，温度、时间等参数，对结构、形貌及其生长机理进行了研究。研究结果表明
















析 ZnFe2O4/C 和 Co3O4/ZnFe2O4/C 作为电极材料，Co3O4/ZnFe2O4/C 在电化学性
能上，明显优于 ZnFe2O4/C。Co3O4/ZnFe2O4/C 从 0.5 A g
-1 的 361.2 F g-1 到 3 A g-1
的 279.0 F g-1，而 ZnFe2O4/C 从 0.5 A g
































Recently, the development of clean energy, storage and transformation 
technology research is particularly urgent in China. It is found that those transition 
metal oxides as negative materials can be designed and have other valuable 
advantages such as the low price and excellent performance. At the same time, the 
metal organic framework (MOFs) is an excellent precursor to synthesis anode 
materials with a high specific surface area and porosity. Therefore, Co3O4-based 
nanomaterials were prepared, further synthesing Co3O4@rGO nanocomposites. And 
the morphology of Co3O4/ZnFe2O4/C nanocomposites with heterojunction was 
investigated on MOFs-derived structures. Mainly completed work as follows: 
1. Preparation of Co3O4 and Co3O4@rGO Nanocomposites by solvothermal 
method and the electrochemical performance tests 
The Co3O4 nanosheets with atomic thickness were prepared by solvothermal 
method. The reduction of grapheme oxide (GO) and the coating of Co3O4 by 
reduction Graphene Oxide (rGO) were carried out with cetyltrimethylammonium 
bromide (CTAB) used as surfactant after calcinations at room temperature. GO turns 
into rGO.The performance of Co3O4@rGO have a great improvement when compared 
with Co3O4. When applied on lithium-ion battery, Co3O4@rGO provides an initial 
discharge capacity of 1462.0 mAh g
-1
 at 200 mA g
-1
. After 130 cycles, it maintains a 
high capacity retention rate of 78.6% (879.6 mAh g
-1
). When applied on 
supercapacitor, at different current densities from 0.5 A g
-1 
to 3 A g
-1
, specific 
capacitance of Co3O4 rises from 250.2 F to 320.6 F, Co3O4@rGO goes from 356.3 F 
to 358.9 F. Besides, the specific capacitance of the Co3O4@rGO nanosheet can 
maintain an initial value of 92% and still keep 89% capacity after 3000 cycles. 
2. Preparation of Co3O4/ZnFe2O4/C hollow core heterojunction nanocomposites 
















Because of the synergistic effect of the heterostructure, ZnFe2O4/C was prepared by a 
simple solvothermal method; further synthesing Co3O4/ZnFe2O4/C heterojunction 
composites for furthering improved the performance of the two-dimensional Co3O4 
nanosheet. By adjusting the molar ratio of reactants, temperature and time, 
morphology and its growth mechanism were studied. The result shows that 
ZnFe2O4/C derived from MOFs had synthesized a uniform hollow shell structure, and 
it could further contribute to forming Co3O4/ZnFe2O4/C heterojunction 
nanocomposite. Compared with ZnFe2O4/C and Co3O4/ZnFe2O4/C as electrode 
materials, Co3O4/ZnFe2O4/C is superior to ZnFe2O4/C in electrochemical performance 
test. ZnFe2O4/C is slightly reduced from 361.2 F g
-1
 of 0.5 A g
-1
 to 279.0 F g
-1
 of 3 A 
g
-1
, while ZnFe2O4/C decreases from 309.9 F g
-1
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图 1.1 新一代储能电极材料图，显示了电位对 Li/Li+和相应的容量密度 
Fig 1.1 Diagram of the anode materials of the next generation lithium-ion battery, showing 





























 →LixC6                                         （1-1） 
正极： 
LiCoO2 → Li1-xCoO2 +xLi + xe
- 
                              （1-2） 
 
图 1.2 锂插入/插入机制在可充电锂电池当中的示意图 
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